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VL th “LP. PITISHS OF sl 450 ANTials

zf'o’lnu-pé is the translation of an article by ie ..

sarinskiy, Institute of Virology, .AN ‘USc¢R, llcscow

subll cshed in tho Russian-laniuage periocdical Voproax
Virusolozii (Problems of Virclog 3y, 1o 35, 1267 pages
59-267. 1t was subm;tteu on 13 sug 1965._7

_ Viral he.atLthes of man and animals are at*r ctlnb aLW.dae mo“e
attontion of .nvestigetors. This is explaincd by the fact that o

. Botkin's epidonmic hepatitis is a unique mass contagious disezse of -
a viral nature which is wide-sprecad throughout tnc entire wo"ld

and that the causative agent of it has not been isolated under lab-
oratory conditions and has not been cultivated up until now by .
‘mecthods which are at the disposal of virclogists. The importance .
- of the problem is also conditionca by the irreparable damage to - s
the hecalth of man who carrics epidemic hepatitis, ofton accompanied -
by transition of the infection into a chronic form and cirrhosis of -
" the liver, and in cases of water outbreaks . of -the- diseass by a
nigh morta];ty rate. It 1s also necessary to consider the tremen-
dous harm to the economy which is inflicted by tre yearly repeated,
-mass outbreaks of the discase amonb man and animhls.i J

. The aspects of investigating virel henatitises of man and ani-
nals are'vc"y diverse, but the key to the problem is the etiology -
of these diseases. The trend for a comparative study of viral hep~
‘atitisea of man and animals, which has been-dovoloped since 1952 by
 A.'K. Shubledze and associates, turncd out to be a new.and: appa“antly
promising approach to solv;ng the prob;em o; the etiology of viral
hcpatit*sog. . . e

In this review we will present only certain data on tho compar-.» 
ativo study of viral hcpatitiues ol man and aninals. :

In our country epidemic vi"al hopat;tis in man is usually called
Botkin's eoidaméc hepotitis, which stresses the prio*mty of Se Po
Botkin in the :dy of the infectious nature of this diseasc.  This
term chcompasses both strictly hepatitis and serum hepatitls. In
tne latter infection teles place by infected preparationq ol blood

during medical intervention. The International classification of
discaszes (uuropean Sympos;um on Epidomic Hepatitis, Preguec, 1964)
distinguishes epidenic hepatitis from serun hOp&tlt&S. The latter
discase is viewed as a complication following medical procedures.
Such 2 breakdown is based nalnly on epidemiolozical oboorvation~ ,
[P4-28, 116/, and elso on the results of expcriments on voluntoers
ol muade it uo~q*ole o exposc a nunbor of pecullarities. of serum
ho wa'bitis o
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i ’ﬁ?hc ratio ol @qrbiQity rate betvicen epidenic and scr;ﬁ_;“pdtitis
Zur;&-..»u~seu on auata Irom varlous investigubors seruwm aceounts
for from 2-5 /967 uy 404 [337 of = : cposed 5 of
SR o/ up to 405 /537 of a)l_ thre exposed casss of the
diseas?._ Recently some virologists /217 and also cpldenislogists
and clinicians ZZ?,.Ql? are irclined to the opinion concerning the
existence of a single causative sgent of the diseasec.. b _

- Based on the dete of some epidemiclogists /557 the majority
cf poople have had Botkin's e pidemic hepatitis prior to 14 years
of ago. Therorore the main "fuel" or the inlectlon are children - -
and tne peait of the rise in the morbidity rate occcurs in the falle-
~winter months when they are gathered in crganized collectives
~following summer vacatiocns. it is characteristic that in aninuls
the young usually como down with viral hepatitis. Sueh a pothology
bears the names duckling hepatitis, piglet hopatitis, gosling hep-.
atitis, etc, . Anyone who has had anything to do withk viral hepatitis
in animals knows how difficult it is for an adult animal to becoms
infected, therefore they prefer to work with newborn and very o
young eanimrls. In outwardly healthy dogs waich were not infected
with hcpatitis (for example, in 90k of the animals over 5 uch.as
old) antibodies to. viral infectious hepatitis of dogs ure contained
in the blood sere /85/. This naturally devecloped immunity can be
ovarcome only by a large dose of virus administered parenterally
and by the influence of additional weakening factors: associatsd.
‘illness, exposure, and others., It is possible that such a situation
develops in some adult persons following the parenteral administra-
~tion of the virus with preparations of blood. The parenteral
route of transmission of epidemic hepatitis was demonstrated already

in 1945 /977.

The prolongzed incubation period for serum hepatitis is explained

/%17 by the urusual way in which the virus penetrates into the - '
.organism (paventerally, under the protection of antibodles from the
donor). This is also testified to by direct experiments on volun=-
- teers /59, 627 for clearing up tke infectivity of the blood and
. separate Iractions of it (including gamma-globulin) from vatients

with epidcenic hepetitis. In these expariments an incubation period
vas revealed which was similar to that during serum hepatitis,

At present there is still nc gonerally recognized strain or
8treins of virus of Botkin's epidemic hepatitis. All the data on
the propertics of the virus of epidemic hepatitis (or virus 4
according to the generally accepted classification) /277 and serun
hepatitis (virus B) have boen obtained only in experiments on vol-~
unteers. FIrom the time of the first reports of such experiments,
~ both in our country /207 and abroad /65/, many similar Investiga-
tions have been made /50, 66, 74, 94, T8, 95/; recent data of such
- a nature has been cobtalned in the experiments by Xrugman and asscc-

iates [EQ-Q£7 and by Chapo /58-62/. 1In summarizing the results of
- the experiments on volunteers it 1s pocsible to be convinced of the
great similarity betwecen the viruses of epidemic snd serum hepa-
titis. Thus it was shown that the virus of epidemic hepatitis is
- very resistant to the influence of physical and chemical factors.
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The ;rub-sarvivas at 65° for 32 nin, and it also survives Orﬁinary

‘chlorination of drink ing vat«u, i is inactivated by boiling for

sC 01 lﬁfectlv_ty of n,ter-

tis is revealed during tae
i

ialc Irom patients with' eu;dem_c h pa
incubation period of the iliness, especlally dur‘nb the second
half of it Zgo Soon aftor the aspcarance of jaundice it fades
away. The vivus is revealed in the blooi, ‘ccbu,“urirc, duodenal’
secretion, and sometimes in discharges Loeoiw tiie nasounsrynx /66,

£ (' d‘(\
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75, 95, ;7 Ir: this respect tncre is interest ia tuc datu rccent-

1y obtalined by ullvs, Licbnaber, and Krugman during experinental
esideic hepatitis (1964) /58/. In exporiments on volunteers _
the virus wias isolated from the blcod cn the 12th day of the lncu~
baticn yer*od 25 days worior to the ailpearance ol Jjaundice, and

. in tze urine 5«6 days prior to the. onset of jaundice., The virus .

was. dotoected by contanination of a new consignrent of wvolunteers,

| ~and &lso by the is olation of cytopathic agents.

: nnalcbous data were obtained during the utudy o’ hepatitises
of anizals. In our investigations /42, 43/ useing the viruses of

-~ hepatitis of dcgs, nmice, and ducks, and alsc the viruses of

vellom fever, derpes, lympheeytice chorioneningitls, and eutromelia
viiicn caused & clo&rlj expressed hepatitis in mico, it was also.
saown that the virus accumulatec in tne blood and liver of animals
long before the first outward symptoms of the disease, in the

-seriod when the -nfected animals differed in no way from’ the
control,

influence of phys;cal and chemical factors. It survives in a

frozen state (-20°) for several years, and in a éried state forf,H ’f

at least a year. The virus is resistant to heating at 56° for

60 minutes /47/. 1t is well preserved in serum in “which merthio-"

late in a concentration of 1:2000 or 0.2% tricresol has been
addcd.[TQ§7. ' The size of the virus is eround 30 mp  /I1027.
The virus is conitained in a high concentration in ths bloocd of -
patients during tne incubation period of the disease long in - _
advance (60 and even 87 days) of the appearance of jaundice zflj7
The erifsctiveness of infection of volunteers with a very ﬂmall S

amount of serum {0.01 ml) was demonstrated. B

lt is necessary to note that dzta on thae extreme re»istance
of viruses of both epnidemic and serum hepatitis to the influence
of physical anu chemical factors is not aluays substantiated.
The invectigations were conducted meinly with "icterogonic" sera.

- The results of recent investigations with agents isolated fron

p“ticnus.rxth epidenic hopatitis suowed that these viruses, Jjust
as all viruses, sharply increase their resistance when acconmo=-
dated in serum”13§7 Apparently the deta obtained in experiments
on volunteers concerning the unusuel resistanco of hepatitis

viruses should be thoroughly checked under experimontal condzuiona._’

Se

The virus of serum hepatitis 3 1s alco very resistaht:to the-'»'




. Tz *“ove-p*tad results from a study of certoin prossrtics of
- the virusss of epidemic aﬁd serum nepatitis, which wers ooL:;ncu
;n cﬁgc¢¢u;ﬂtu on voluntCuru, are convincing of ticir close slimnle
lurity. in addition to this, as was already pointed out above
L2717, parentoral iufoction with the virus of epidenic hepetitis

is possible. Therofore serum hcpatiiis can be viewcd as a. variant
of ¢pidemic, However, cxpcriments conductod on voluntoors ILox
the purpose of isolating the virus ol hepatitis B irom the leces,

- urine, and discharges from the nasopharynx yicldod nogative re-
sults.[7£7 Bosides this irmunological differences between the
v;ruuc;, which were rovoalod in cxperimonts on volunteers, testi-
fied that personc who had had epidewmic hopatitis are susceptible
to scrun ncpauit;o.ZZO, g§7 : 1

Tho first clrcumutance can be explained by the smull nuwnber .
of observations and by.the fact that the voluntcers used in the
givon experiment were persons wiio wero resistant to infection. It
- 1s necessary to note that negative results were obtainod fol’owing
- the infection of volunteers with sera from paticnts wita scrum
hepatitis. The second circumstance can be explained, as this wac
demonstrated by us in experiments on animals, by the fact that
during serum hepatitis large doses of virus were used in the form
of icterogenic material which was administered parenterally. These
ovorcane the immunity acquired during epidenmic lepatit¢ This -
problen requires further study.,4 : -

It ves also considered that gamma- 6lobulin was effectiven in
the prophylaxis of only eplidemic and not serum hepatitis. However,
recently (Geneva, 1965) it was demonstrated that in large doses .
(10 ml) this preparation prevents the developuent of infection with
serum hepatitis also. This was confirmed in the rccently conducted~
investigatlons by Dawson and mlr ick [I22, 123/, o |

- +Since the tine that the viral nature of epidemic viral hepa-
titis was established experiments have not ceased.  These have the
goal of isolating the virus from patients by means of infecting
chick embryos and laboratory animals. The results of these tests
" showed that apnarently at the present time man 1s the sole suscep-
tible organism and also the sole source of infection. The question
- of whether or not monkey-primates can bo a source of infection has
st111 not been resolved /77, 121/. Attention is merited by ohe
first positive tests on South Alicrican marmosetzs /1287.

: Jumorous at+cm@ts to create a laboratory model of hepatit

-~ on animals by useing the method of provocation of infection. (X—ray
treatmont /287, splenectomy /33, 34/, and chemical provokers of
liver functlon (ethionin for example)) were fruitless, and individ-
ual positive data /52, 53/ need verification. . . ‘

_ At prosent the t*s sue culbure method is the only possible
method for the l1lsolation of viruses, the study o their properties,:
and the subsequent proauction of vacc;ne and dlagnos tic prenarat;onu.
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With the help of this mothod ‘it was pocsible Ho isolate & numbcr
sents from materialc telien from. Dat;ont,, ineluding from
tho *1u0u ‘Lho ctiological role cf thcse aarxnb viral “uvat_t;s
2as 8till not been confirmed. m“¢n3; ticsue culiurce ol lhwnmin

or;é;n were used: transplanted, orlm“ry trypsinized /3-6 1I7,

- and I3 finally diploid [537.

“On the basis of varicus reports /"~j7 in 1366 %ihcre are data
uonvernlng 18 virus brouys LuOlutOd a“**aé hepatitis. ‘iithout
dwelling on the properties of eaca of the sitrains icolaicd, we
will note that only a few of them are rolated to ncw praviously

‘unlmown viruses with original progerties. Thus Chang /05/ isolated

a very fine (15 mpu ) virus, containing buA and a large amount of
1¢0¢uu, which is manifested 1n a higu degrcc of sensitivity of the
virus to cther In the sera ol sevoral convalescents antlbodles
were revcaled 1n a large percentage ol cagea.[36, qz7. :

Aprom tho blood of pati ents V. 4. Ananyov and R. N. Ablyeva
isolated strains of adenovirus type 5 which caused hepatitis in
siclt suckling nice. :

In hopatitis catients and conors ‘Kachani [1207 detectcu 144
strains of viruses wvhich, according to his data, were devoid of a
proteln membrane and cons stea of 1nfectlous DNA. :

- The majority of virus strains isolated durlng e:idamlc viral
hepatitis did not differ from the lnown group ‘of viruses. - lMany of
then were relnted to the group of Picornaviruses [I227 and survive -
heating at 56° for 30 min and 1onger. Howover, there are no data
conf;rmlnb their etiological role in ep;damic hepatltis._ Repro=-
duction of experiments for isolation oif the same viruses have not :
been achieved by different lnvestigators. 4Antibodies were revealed
irregularly and in a small percentags of cases, their titers werc:
low, and .separate tests on volunueerg /1177 stlll did not yield

ufficiently convin~in5 reeult -

Tho re.con for the divers*ty in the viruses isolated is still
unknown. mach case of the isolation of the virus from a patient
with a diagnocis of viral hopatitls rcquires a comprechensive consid-
eration with the participation of cpidenmiologists, elinicians, and

virologists. It is possible that during cpidemlc hepatitis damage

'to the reticulo-endothelial. system of the organism and the hepatlc

parenchymsa to a greator degree than during other inlectious disease
conditione the disruption of the imrmunological reactivity of the
or&an¢ e Tnis nay contributo to the penetration into the blood
stream of cortasin so-called "normal residents" of the gastro-intes-
tinal tract. The latter are revealed in the blood of patients by
tne very sensitive tissue culture methods which are in use at the

‘pressnt time. In addition to this many kncvm viruses which cause

specific c¢linical symptoms which are not connected directly with
damage to the liver may sometimes (together with pathOPncmonic)
couse pat;olobical changes in the liver with the clinical manifes-

tation of mlldly expressed hepatitis,
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It is also known that under certain conditions a number of
well-studied viruses which cause diseases with a quite specific
clinical picture may be the cause of severo hepatitises. Thus
outbresaks or individual cases of illness among man have been des=-
cribed which were caused by adenoviruses /I, 31/, the_Horpes
virus /957, Coxsackie BS 14/, type 2 rheovirus /%47, Coxsackie
A4 /96/, and the viru: of cytomegalia /327/. As a rule in eash
cage the diagnosis of the Uisease was supported by the direct
isolation of the wvirus from the blood of the patient or from the
liver of a corpse and serologically. Severe damage to the liver
during yollow fever /517, infectious mononucleosis /63, 78/, and
Rift valley fever are also well-known. All of this serves
as the reason for the advancement by some authors even of a hypo=
thesls concerning the polyetiological nature of epidemic Botkin's
hepatitis /457,

it 1s important to note, howsver, that in numerous experiments
on volunteers /66, 74, 75, 927 and epidemiological investigations
it has boen shown that epidemic hepatitis is an individual noso-
logical form of infectious disease which undoubtedly has its own
speoific causative agentes The complexity of studying this speci-
fioclty under laboratory conditions 1s conditioned by the absence
of strains of the original causative agent.

It has been demonstrated that &8 number of virus digeases of
animals, for example adenovirus infection in birds [1Q27, smallpox
in mice 154, lqg7,sometimes are also accompanied by symptoms of
severe hepatitis, and for lymphocytic choriomeningitis it was
recently established /787 that there was a considerable concentra-
tion of virus in the liver of mice and it was reproduced in the
cells of this organ during latent and acute infection,

Recently extansive use has been made of tissue culture methods
for the isolatlion and study of animal hepatitis viruses. Only
primary tissue cultures from the organs of youang animals and c¢m-
bryos are used. It was particularly successful in isolating viruses
with a clear cytopathic effect in kidney tissue /37, 71, 87, 1157
end also in a tissue culture of macrophages /49/. It is interest-
ing that kldney tissue from & human embryo was used successfully
igf;;he isolatlion of viruses from patients with epidemic hepatitis

-5/ '

In summing up the data cited it can be noted that the very
possibility of 1solating viruses from the blood of patients with
epidemic viral hepatitis stimulates virologists to conduct & con-
stent search for the causative agent, and also to study and sort
out the already lsolated strains of the virus.

For proof of the etlologlcal significance of the strains iso-
lated during epidemic viral hepatitis it 1s necessary to compare
the antigenic atructure of the virus strains which were isolated
by investigators in various regions and oountries from the blood of
patients with epidemisc virel hﬁpatitia and to subsequently study

6.
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and experiment with the most wide-spread strain. The carrying out
of serological investigations with such a strain requires a sta=-
tistically reliable amount of sera from patients and persons who
have had the disease. Important data may be obtained in immuniza-
tion experiments in focl of human infection with vaccines prepared
from preliminarily selected inactivated strains of viruses.

Viral hepatitises of animals attract all the more attention
of investigators. This group of diseases Ilncludes the viral hepa=-
titises of dogs s 9 1Q§7hnd other animals of the canine family:
polar foxee /35/and foxes /69, 75/, and also mice/ 68, 100/, duck-
lings /48, 107/, goslings /I118/, canaries /89/, rabbits /1037,
horses /297, piglings /79/, and monkeys /77/. During the stated
hepatitises damage to the liver is most cften considered leading,
if not the only symptom of disease of the organism,.

The study of viral hepatitises of animals produced a whole
series of new approaches to solving the question of the etlology
of epidemic hepatitis. This implies the use of data concerning
tho infectivity of this or that material from sick animals and the
periods in which this material was taken, the selectlion of sensi-
tive tlssue cultures, the method of processing the materials taken,
ingredients of the nutrient mediwn for the tissue culture, etc.
Besldes this the study of viral hepatitises of animals makes it
possible to answer those questions which may be resolved only on -
these models. These problems include first of all a study of the
pathogenesis of viral hepatitises and the possibility of transpla=-
cental transmission of the infection and its after-effects on the
organism of the mother and fetus, a study of morphological changes
in a number of organs from patlients during the dynamics of the
infectious process, and the meghanism of latent and chronic infec=-

tion during viral hepatitises.

In our experiments 112, 43/ useing the viruses of hepatitis
of dogs and mice, and also uselng s pecial equipment (aerosol cham=
bers), it was shown in a varlous arrangement of experiments that
the fecal-oral route of transmission of infection has primary
significance in hepatitis of animalas. The importance of feces
and urine from sick animals In the dissemination of the virus 1s
confirmed by the direct 1solation of the virus of canine hepatitis
/377 frolloviing trypsinization of animal kidneys. The virus, having
penetrated through the wall of the gastro-intestinal tract, accum=~
ulates and reproduces in the mesenteric lymph nodes fiom where it
penetrates into the blood. The role of the regional lymph nodes
in the reproduction of the virus was demonstrated by us in exper-
iments on the blological titration of the virus of hepatitlis of
- mice, dogs, and ducks in different periods from the moment of con=-
taminatlion and by the method of immunofluorescence Sy L§7, and
also by Salenstedt /I08, 110/ for viral hepatitis of dogs by the
method of fluorescent antibodlies. Then the virus 1s spread with
the flow of blood throughout the entire organism, demaging mainly

Te
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tho reticulo-endothelial system. The virus accumulates and repro=
duces in organs which are rich in reticulo-endothelium: spleen,
bone 'marrow, lymph nodes, including periphoral, the reticulo-endo-~
thelium of vessels, and, finally, the reticulo-endotholium of the
liver. An important role in the spreading of the virua in the
organism is apparently played by leukocyts and erythrocytes in

the blood. This was confirmed by the detection, in the laboratory
for comparative virology of the Institute of Virology imeni D, I,
Ivanovskogo, of the phenomenon of erythrocytotropism of viruses

in gencral and the virus of epidemic hepatitis in particular ZIQ,
20, Q§7, and also by the cytogenetic change in the leukocytes in
the putients! blood,

Thus in the light of the facts described viral hepatitises are
more reticulotroplc and hemotropic than hepatotroplc infections.
Damage to cells of liver paronchyma 1s observed only in the final

phase of this disease with the incorporation of autoimmune processes

1, 111, 124, 125/, The sharply changed reticulo-endothelial and

ymphoid syastems of the organism are responsible for these. In
this sense hepatitis and jaundice are not the onset of the disease,
but an after-effect of it.

Confirmation of the above-clted virological data 1s the ssries
of morphclogical investigations by B. K. Bezprozvannyy, conducted
jointly with V. A, Ananyev and I. F. Barinskiy /10, 14, 227 on a
model of viral hepatitises of animals,

In the severity of clinicel manifestations of the disease an
important role 1= played by various secondary provocative factors

/23], X-ray treatment in particular.

In experiments with viruses of mouse hepatitis /I57 we, just
as other authors, demonstrated the feaslbility of the transplacen=
tal tranamission of infection during many viral infeotions., This
leads to the death of the fetus (up to 60%) and congenital malfor-
mations. The results of experimental inveatigations on models of
viral hepatitis of mice confirm the clinical and epidemiological
data of Stoller and Collmann /126, 127/ concerning the role of the
virus of Botkin's epidemic hepatitls in the etiology of the Dawn
ayndrome (mongolism) in newborn children.

The role of viruses from animal hepatitises in human pathology
has not been cleared up to the ende The majority of authors con-
sider that the hepatitis viruses are strictly adapted to "their"
host. Data concerning the etlological role of viruses of animal
hepatitis during human morbidity with hepatitis are founded mainly
on the detection of antibodies to the virus of canline hepatitis
in human sera /36, 90, 112/, and in a paper which appeared re-
contly - to the virus of mouse hepatitis, Data on the direct
isolation of the virus from a human on a tissue culture of the
lungs of a do% were presented only in one paper [Il§7. The results
of our investigations on material from many hundreds of sera from
patients with epidemic hepatitis /I6-187 showed that antibodies to

8e '
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the virus of infectlous canine hepatitis are adenoviruses, aname-
nestic|[:7, and exposed in the sera of patients in the complement
fixation reaction and the precipitation reaction in gel in view

of the presence of a common antigen in adenoviruses and the virus
of canine hapatitis, Similar antibodies were not revealed in the
blological neutralization reaction in a tissue culture. Therefore
in each specific case for confirmation of the etlological role of
the viruses of hepatitis in man and animals it is necessary to
have the isolation of the virus from the blood and feces of patlents
and the detection of an increase in antibody titer or the exposure
of virus neutralizing antibodies in high titers.

Viral hepatitises of animals include a large group of viruses
containing both RNA (hepatitis of mice and ducks for example) and
DNA (canine hepatitis for example). Recently a great deal of atten~-
tion is being given to adenoviruses of man and animals, Thils 1is
explained not only by the fact that this group includes the virus
of canine hepatitis but also by the direct isolation of adeno-
viruses in a large perocentage of casea from the feces [30, 31
and also the blood of patients /Z/.

The cited data from contemporary investigations on the study
of the etiology of hepatitises of man and animals testify to the
new possibilities for the study of the isolated strains in tissue .
cultures and a comparative study of them by the method of animal -

infaction.
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